Objective: One-sided nephrectomy is followed by increased levels of IGF1, associated with linear growth during childhood. The aim was to evaluate final height and IGF1 levels in nephrectomized Wilms tumour survivors when compared with healthy Dutch references and survivors of other cancer types. Design: Cross-sectional retrospective study. Methods: Data of 575 adult childhood cancer survivors were analysed. Median follow-up time was 17.8 (range 5.0-48.8) years. Analysis of (co)variance was performed to evaluate differences between subgroups: nephrectomized Wilms survivors treated with or without abdominal irradiation (nZ41 and nZ36) and survivors of other cancer types treated with or without irradiation involving the cranium, abdomen or total body (nZ149 and nZ349). Main outcome measures were IGF1 and height, expressed as SDS. Results: After adjustment for age at diagnosis, former corticosteroid treatment and renal impairment, height SDS in non-irradiated nephrectomized Wilms survivors was significantly higher than that in non-irradiated survivors of other cancer types (estimated mean SDS K0.09 vs K0.49, PZ0.044), abdominal irradiated survivors (SDS K0.70, PZ0.015) and other irradiated survivors (SDS K1.47, P!0.001). Non-irradiated nephrectomized Wilms tumour survivors had significantly higher IGF1 SDS than other irradiated survivors (estimated mean SDS K0.05 vs K1.36, P!0.001 and 0.11 vs 1.37, P!0.001), while there was no significant difference with the other two subgroups. Conclusions: Adult survivors of Wilms tumour showed better attainment of final height and relatively higher IGF1 levels than those of other cancer types who had significantly shorter stature and lower IGF1 levels than Dutch references.
Introduction
Wilms tumour or nephroblastoma is the most common solid tumour during childhood (1) . The survival of Wilms tumour patients has increased over the past decades due to improved treatment regimens and better stratification. In Europe, treatment exists of tumour nephrectomy after pre-operative chemotherapy and, depending on histology and stage, chemotherapy (e.g. vincristine, dactinomycin and doxorubicin). Additionally, abdominal irradiation is given in stage III and in some stage IV patients (2, 3) .
In general, nephrectomy is followed by compensatory renal growth of the contralateral kidney, possibly as a result of hypervascularization and increased glomerular pressures (4, 5) . Simultaneously, serum insulin-like growth factor 1 (IGF1) increases after surgery and is associated with recovery of renal function and regeneration of kidney tissue (5, 6, 7) . As IGF1 is responsible for linear growth during childhood, we hypothesize that temporary high IGF1 levels after nephrectomy during childhood contribute to accelerated growth in survivors of Wilms tumour. This may result in a taller stature than survivors of other childhood cancer types.
We have to take into account that Wilms tumour is associated with predisposing syndromes, including WT1-associated syndromes and overgrowth syndromes, which are present in 9-19% of Wilms tumour patients (8) . Previous studies have shown that the pathophysiology of both Wilms tumour and overgrowth syndromes might be associated with growth factor excess (9, 10, 11, 12, 13, 14) . The fact that Wilms tumour patients often have a significantly higher birth weight than healthy newborns supports this hypothesis (15) . The effect of this suggested mechanism on final height in adulthood is however not elucidated. The aim of the current study was to compare final height and IGF1 levels of nephrectomized Wilms tumour survivors with healthy Dutch references and survivors of other cancer types.
Subjects and methods

Subjects
We performed a cross-sectional, single-centre study in all adult long-term survivors of childhood cancer, including Wilms tumour, diagnosed between 1952 and 2005. Data on height and IGF1 described in this study were retrieved between 1997 and 2012 during regular follow-up at the late effects outpatient clinic for longterm childhood cancer survivors, which starts 5 years after cessation of treatment and is individualized based on cancer diagnosis, treatment protocol and clinical condition. Exclusion criteria for our evaluation were no availability of height or IGF1 during follow-up, growth hormone (GH) treatment during follow-up, former diagnosis of Wilms tumour without one-sided nephrectomy and treatment with nephrectomy for other diagnoses than Wilms tumour. An official written informed consent from every patient that visited the outpatient clinic was obtained according to the standards of the institutional review board.
Data collection
Data concerning disease and treatment protocol were retrieved from our local paediatric oncology database and missing data were retrieved from the medical records. Follow-up time was defined as time since cessation of treatment. Follow-up data of the most recent visit at the late effects clinic for all survivors were retrieved and included height, oral contraceptive (OC) use, GH replacement, IGF1 and renal function, as defined by estimated glomerular filtration rate (eGFR), calculated with the abbreviated Modification of Diet in Renal Disease equation using serum creatinine (16, 17, 18) . Final height SDS were calculated using reference values for Dutch adults: a mean (S.D.) of 184.0 (7.1) cm for males and 170.6 (6.5) cm for females (19) . In Wilms tumour survivors, the diameter of the remaining kidney was retrieved from abdominal ultrasounds and compared with a normal value of 10.8 cm (20) . In all cases, IGF1 was assessed by Immulite 2000 (DPC Biermann GmbH/Siemens, Fernwald, Germany), a solid-phase, enzyme-labelled chemiluminescent immunometric assay, with an intra-assay variability of 2-5% and an inter assay variability of 3-7% (21) . IGF1 levels were compared with reference values using ageand sex-adjusted SDS (21) . Serum creatinine, assessed using the Roche enzymatic assay, was analysed in a fully automated computerized laboratory system with a Hitachi 917 chemistry analyzer (Roche Diagnostics).
Genetic analysis
All Wilms tumour survivors were offered clinical genetic assessment, genetic counselling and molecular analysis of the WT1 gene and the methylation status of the imprinted gene clusters on locus 11p15 after informed consent from the included patients as described previously by Segers et al. (8) .
Statistical analysis
Statistical analyses were performed with the Statistical Package for Social Sciences (SPSS 19.0). Results are reported as medians (range) for baseline characteristics and non-normative outcome variables and as means (95% CI) for SDS. Included survivors were divided into four subgroups: Wilms survivors treated with nephrectomy without abdominal irradiation and without stem cell transplantation (SCT) (nZ36); other survivors treated without SCT and without irradiation of the cranium, abdomen, spine or total body (TBI) as these treatments affect height and/or IGF1 (nZ349); Wilms survivors treated with nephrectomy and abdominal irradiation (nZ41) and other survivors treated with SCT or one of the above-mentioned types of irradiation (nZ149). To compare IGF1 and height of these four subgroups of survivors with healthy references, SDS were calculated and analysed with the one-sample t-test. ANOVA was used for univariate comparisons between subgroups and analysis of covariance (ANCOVA) for multivariate comparisons to adjust for potential confounders. Models for height SDS and IGF1 SDS were adjusted for age at diagnosis and renal impairment, defined as eGFR !60 ml/min per 1.73 m 2 . Because of its negative effect on IGF1 levels, OC use was added to the model with IGF1 SDS as outcome measure. Furthermore, BMI was added as covariate to this model. Former corticosteroid treatment has been described to negatively influence final height attainment and therefore was added to the model for height SDS. ANCOVA, adjusted for sex, age at follow-up and age at diagnosis, was used to compare kidney length between Wilms survivors treated with or without abdominal irradiation. P values of !0.05 (two-tailed) were considered statistically significant.
Results
Survivors
Of 885 adult survivors of childhood cancer diagnosed between 1964 and 2005, 600 survivors had visited the outpatient clinic at least once, of which 79 adults survived a Wilms tumour more than 5 years since cessation of treatment. Baseline and treatment characteristics are presented in Tables 1 and 2 Clinical genetic assessment was performed in 42 Wilms tumour survivors and a genetic mutation was found in four cases. In one survivor, a WT1 mutation was found and in one survivor hypomethylation of LIT1. None of these survivors had been clinically diagnosed with overgrowth. Two Wilms tumour survivors had been clinically diagnosed with Stickler syndrome; in one survivor, this syndrome was confirmed by mutation of COL2A1.
Excluded from the analysis were two Wilms survivors not treated with nephrectomy, ten non-Wilms survivors treated with nephrectomy and 13 survivors treated with GH replacement during follow-up.
Final height
Rough data on height and IGF1 as well as SDS and kidney length per sex category are outlined in Table 3 . IGF1 SDS was significantly correlated with height SDS (rZ0.24, P!0.001). Figure 1 shows height SDS in the four different subgroups. Except for non-irradiated Wilms survivors treated with nephrectomy (SDS K0.24, PZ0.155), height SDS was significantly lower than Dutch references in all other three groups (others treated without irradiation: SDS K0.47, P!0.001; Wilms treated with abdominal irradiation: SDS K0.87, P!0.001; others treated with irradiation: SDS K1.45, P!0.001). After adjustment for age at diagnosis, former treatment with corticosteroids and renal impairment, height SDS in non-irradiated nephrectomized Wilms survivors was significantly higher than height SDS in non-irradiated survivors of other cancer types (estimated mean SDS K0.09 vs K0.49, PZ0.044), survivors treated with abdominal irradiation (SDS K0.70, PZ0.015) and other irradiated survivors treated with irradiation (SDS K1.47, P!0.001). In univariate and multivariate analysis, non-irradiated Wilms tumour survivors treated with nephrectomy had significantly higher IGF1 than others treated with irradiation (estimated mean SDS K0.05 vs K1.36, P!0.001 and 0.11 vs 1.37 P!0.001), while there was no significant difference with the other two subgroups (Fig. 2 ).
Kidney size
Kidney size of the contralateral kidney in survivors treated with nephrectomy was significantly larger than Dutch references (12.8 vs 10.8 cm, P!0.001, Fig. 3 ). Survivors treated with nephrectomy without abdominal irradiation had larger kidney size than abdominal irradiated Wilms survivors (13.1 vs 12.5, PZ0.049), but this difference was not significant after adjustment for sex, age at follow-up and age at diagnosis (Fig. 3) . Table 3 Height, insulin-like growth factor-1 and kidney length in male and female survivors of different subgroups. Data of height, IGF-I and kidney length are expressed as mean (range); SDS data are expressed as mean (95% CI).
Male survivors
Female survivors
Group 1 nZ21
Group 2 nZ188
Group 3 nZ18
Group 4 nZ93
Group 1 nZ15
Group 2 nZ161
Group 3 nZ23
Group 4 nZ56
Height 
Discussion
At very long-term follow-up, we found that adult survivors of Wilms tumour treated with nephrectomy showed better attainment of final height than survivors of other cancer types, in whom final height was significantly lower than Dutch references. We hypothesize that temporary high IGF1 levels after nephrectomy in paediatric Wilms tumour patients contribute to accelerated and prolonged growth post-therapy than in survivors of other cancer types, leading to a better attainment of final height. The mechanism of increasing serum IGF1 levels after nephrectomy has been described in both adults (6) and children (22) . In adults, IGF1 levels showed a significant increment post-surgery, with a peak at 6 months and thereafter normalized to baseline within 1 year. In nephrectomized children, higher IGF1 levels than in controls were found more than 3 years after surgery. IGF1 is associated with hypervascularization, compensatory growth of the contralateral kidney and recovery of renal function (6, 7, 23, 24) . The fact that we found larger kidney size than references in all our Wilms tumour survivors supports this mechanism. The effect of high IGF1 levels on growth in paediatric patients undergoing nephrectomy has not been elucidated yet, but a positive relationship is plausible as IGF1 is an important determinant of linear growth during childhood. Although data on IGF1 levels pre-and post-surgery were not available, our cross-sectional data support this hypothesis as nephrectomized Wilms tumour survivors had significantly higher final height than a comparable group of non-irradiated survivors of other cancer types. Another explanation for the attainment of a normal height in Wilms tumour survivors is the relatively short duration of chemotherapy (even though this is 6 months in a large subset of Wilms tumour patients) and low risk for under-nutrition when compared with acute lymphoblastic leukaemia survivors. The only way to confirm this hypothesis would be to longitudinally evaluate and compare IGF1 levels in relation to growth data shortly after treatment in both Wilms survivors and survivors of other cancer types. As IGF1 levels are temporarily high after nephrectomy, we do not expect IGF1 SDS to be higher in adult long-term nephrectomized Wilms survivors, which indeed was not the case. However, comparable to height SDS data, we found lower IGF1 levels than Dutch references in all childhood cancer survivors, except for non-irradiated survivors of Wilms tumour. Reduced IGF1 levels and shorter stature in childhood cancer survivors might partly be explained by treatment factors, as it is well known that irradiation at young age involving the whole brain, or any part of it, and TBI affects growth and IGF1 levels (25, 26, 27) . However, even in the group of non-irradiated survivors, IGF1 levels were significantly lower than in the normal population in contrast to non-irradiated survivors of Wilms tumour, who had IGF1 levels comparable to the normal population and showed a trend to be higher Final height in Wilms tumour survivors than other non-irradiated survivors, which is a remarkable finding.
Although in one survivor a hypomethylation of LIT1 was found, no clinically diagnosed overgrowth syndrome was present in this patient. However, several studies suggested that growth factor excess may not be limited to patients diagnosed with known germ line mutations, which could be illustrated by the fact that Wilms tumour patients without associated anomalies had higher birth weights than controls (15, 28) . However, there is inconsistence about this association, as several studies could not confirm the finding that those with high birth weights are at increased risk for Wilms tumour (29, 30) . IGF2 binds to the IGF1 receptor (IGFIR) and is over-expressed in Wilms tumour patients.
In vitro studies showed that inhibition of IGFIR suppressed growth of Wilms tumour cells (31) , suggesting that indeed growth factor excess may be an important determinant of clinical overgrowth in survivors of Wilms tumour. It is important to realize that IGF2 is a potent fetal growth factor and plays a significant role in particularly overgrowth syndromes but is not responsible for linear growth, like IGF1.
Limitations It would have been appropriate to include data on target height, as it indicates individual height attainment. Unfortunately, due to the retrospective character of this study, these data were not available. Furthermore, due to the retrospective design of the study, data on sitting height, to evaluate spinal growth, was not available. It is well known that abdominal irradiation negatively affects spinal growth, especially in young patients, resulting in a shorter and more disproportionate stature (32) . Furthermore, abdominal irradiation is a risk factor for gonadal dysfunction and may affect pubertal development, thereby affecting final height attainment (33) . Therefore, in this study, we compared height of non abdominal irradiated Wilms tumour survivors with that of non-irradiated survivors of other childhood cancers, and our main conclusions were based on this comparison. Furthermore, the effect of gonadal dysfunction was evaluated, as in the case of primary gonadal dysfunction in combination with intact pituitary axes, one could expect a longer stature. Linear regression showed no significant association of gonadal dysfunction (defined as testosterone supplementation and/or testosterone level %8 nmol/l in men and oestrogen supplementation and/or AMH levels !0.1 in women) with height SDS. Furthermore, when adding gonadal dysfunction as covariate to the model of height SDS, results did not change. Furthermore, data on clinical genetic analysis and related clinical overgrowth were lacking in half of the Wilms tumour patients. However, final height and birth weight did not significantly differ between survivors with and without available genetic data.
In conclusion, non-irradiated nephrectomized adult survivors of Wilms tumour showed better attainment of final height and relatively higher IGF1 levels than survivors of other cancer types who had significantly shorter stature and lower IGF1 levels than Dutch references.
